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I. INTRODUCTION

This memorandum* contains a description and listings of
computef programs for plotting geographical and political
features of the world or a specified portion of it, for plot-
ting spot-beamAcoverages from an earth-synchronous satellite
over the computer generated mass, and for plotting polar
perspective views of the earth and earth-station antenna ele-
vation contours for a given satellite location. The programs
have been prepared in connection with a project on Application
of Communication Satellites to Educational Development. This
report is intended to be a continuation of the work earlier
reported by Stagl and Singh.(l) 4

A data tape was obtained from the Rand Corporation con-
taining a digitized map of the world. Several programs have
been written utilizing this data tape. The first program,
called WORLDMAP, simply plots the tape as a map with axes and
grid lines. The second program, called MINMA?, plots a speci-
fied part of the total map so that larger scale plots of a
small area of interest can be obtained. The program described
in Memorandum 72/3(1) is used as an overlay on these two plots.
This program plots the locus of intersection of quadric cones.
(narrow-beams from satellites) and a sphere (the earth).

A third program utilizing this data tape, called PERSPECT,
plots a polar perspective view of the earth and earth-station
antenna elevation angle contours. This is a view of the earth
as seen from a satellite in the geosynchronous orbit. Using
a plot of this kind, one can make an overlay of the cross-
sectional shape of the desired antenna beam and this oveflay
will be valid over the entire plot of the earth. This program
is intended to facilitate determination of the area coverage

by satellite-borne shaped beam antennas.

*The authors wish to acknowledge the assistance of Mr. Neil
Ostrander of the Rand Corporation, Santa Monica in acquiring
the computer tape containing the digitized map of the world.
They also wish to thank Mrs. Emily S. Pearce and Ms. Donna
Barnes for typing the various drafts and the final version
of the manuscript.



Also included in this memorandum is a modified antenna
coverage program to be used to plot the footprints produced
by the two off-axis S-band ETV feeds on Applications Technology
Satellite-F (ATS-F). This program can also be used as an
overlay fof WORLDMAP and MINMAP.

II. DATA TAPE

The point coordinates are stored in strings; latitude,
longitude, latitude, longitude. . . . 0.0, 0.0. The range
in latitude is from -n/2 to 7/2 (radian measure), and the
longitude range is from -7 to m. The tape is formatted into
24 blocks. The first block contains 23 integers which specify
the number of coordinate pairs in each of the following 23
blocks. Each of the following blocks contain a number of co-
ordinate strings. The strings are of variable length and all
strings end with a (0.0, 0.0) coordinate pair. Political
boundaries are distinguishable from geographical boundaries
in the following way{ Signal coordinate pairs appear at the
beginning of groups of strings. If the first coordinate pair
in a string is (4.0, 0.0) then that string and all following
strings are geographical boundaries until a string whose first
coordinate pair is (8.0, 0.0) is encountered. This indicates
that that string and all following strings are political
boundaries until a string whose first coordinate pair is
(4.0,0.0) is encountered. ' ’

The original tape obtained from the Rand Corporation was
an 8 track 1600 bpi tape. Since the IBM 360/50 installation
at Washington University Computing Facilities has no facili-
ties for dealing with 1600 bpi tape, the data tape had to be
copied onto an 800 bpi (bits per inch) tape which is kept in
the Washington University Computing Facilities. A card béékup
was also obtained in case the tape is lost or inadvertently

modified.



ITI, PLOTTING PROGRAMS

The first program written to plot the data tape, called
WORLDMAP, does not take advantage of the ability to distinguish
between geographical and political boundaries. This is because
the added programming complexity needed to distinguish political
boundaries from geographical boundaries on the Calcomp plotter
is not warranted by the use of the plot.

Basically the program reads the coordinate strings from
the tape and connects the points with straight line segments.
The only problem is that the boundary of Siberia "wraps around”
the end of the map and those strings that "wrap around" must
be broken in order to avoid "retrace" lines across the plot.
This is done by checking consecutive points in a string for a
separation of over 2 radians. If the separation is greater
than 2 radiansithe points are assumed to "wrap around”" the ends
of the map. In this case the string is broken there and plotted.
The remainder of that string is treated as a new string.

The input to the program, FACT, is a magnifying factor
for the map. With an input of FACT=1.0 a map 50 inches by
26 inches will be drawn. Any number greater or less than 1.0
can be used but one should consider the size of the output
plot and the size of the paper available. Figure 1 is a
flowchart of the WORLDMAP program. A listing of the program
is included in Appendix A. '

The second program written for this data tape, called
MINMAP, plots only a portion of the total map. The inputs
to the program are the upper and lower limits of the longitude
and latitude and the magnifying factor as for the WORLDMAP
program. For this program, all points of each string are
checked against these limits and either accepted or rejected
depending on whether or not they are within these boundaries.

The size of this plot is somewhat dependent on the input
boundaries. - The vertical axis is set at 10 inches. Using
this fact and the upper and lower limits on the latitude, a

scaling factor is calculated. This scaling factor is then
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used, along with the upper and lower limits on the longitude,
to calculate the horizontal axis length. As in the WORLDMAP
program, the magnifying factor input can be used to change
the size of the plot.

The computer prints out the values of the first longitude
value on the horizontal axis (FVX), the first value on the
latitude axis (FVY), and the scaling increment (DA) in degrees
per inch. These values will be needed for proper scaling of
the antenna coverage program.

A listing of the program is included in Appendix B.
Figure 2 is a flowchart of the MINMAP program.

IV, ANTENNA COVERAGE PATTERNS USING DATA TAPE

The antenna coverage patterns program of Memorandum 72/3
was modified for use with the WORLDMAP program. The modifi-
cation, called ANTOVLY, includes an elimination of the portion
of the program that scales the coordinates and draws the
axes, as well as a redefinition of the origin and scaling
factor to those of the WORLDMAP program. The modified pro-
gram is listed in Appendix C. When the programs are run,
the map is first plotted. Then the antenna coverage patterns
are plotted over the map. The resultant plot shows explicitly
the areas covered by the antenna beams.

The inputs to the program are the first longitude value
on the horizontal axis, FX, the first latitude value on the
vertical axis, FY, the horizontal scaling increment, Dx, and
the vertical scaling increment, DY. The magnifying factor,
FACT, is also input.

When used as an overlay to WORLDMAP, the inputs should
be: FX = .~180., FY = -90., DX = 7.2, DY = 6.923, for matching
the size of ANTOVLY plot with the WORLDMAP. The magnifying
factor should be the same as that used when WORLDMAP was run.
A sample of this type of output is shown in Figure 3.
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The ANTOVLY program can also be used with the MINMAP
program. When used in.this way, the inputs should be:
FX = FVX (output from MINMAP), FY = FVY (output from MINMAP)
and DX = DY = DA (output from MINMAP). The magnifying
factor should be the same as that used when MINMAP was run.

A sample of this output is shown in Figure 4.

V. POLAR PERSPECTIVE

The third program to use the data tape, called PERSPECT,
was written to provide a view of the earth as seen from a
satellite in an earth-synchronous orbit and to plot earth-
station anténna elevation angle contours. Using a plot of
this kind, one can make an overlay of the cross~sectional
shape of the desired antenna beam and this overlay would be
valid over the entire plot. The angular beam width would be
proportional to the linear scale of the plot.

To realize this type of plot, a projection is first made
onto a sphere centered at the satellite as shown in Figure 5.
The angle of the horizon, RMAX, is first calculated. A co-
ordinate string is then read from the tape and the angle R
is calculated for the first point according to the following

formula:

-1
R = Cos [Sin(LTSS) Sin(YL) + Cos(LTSS) Cos(YL) Cos(XL)]

(1)

where LTSS is the subsatellite latitude, XL and YL are the
longitude relative to the subsatellite longitude and the
latitude, respectively, of the point in questions. If
|RMAX-R| < 30°, that is, if the first point of that string

is within 30°, of the horizon, then the angle R is calculated
for each point of the string according to equation (1) and it
is checked for visibility. If |RMAX-R| > 30°, that is, if
the first point of that string is greater than 30° from the
horizon, it is checked for visibility. If that point is
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beyond the horizon then all points of that string are assumed
to be beyond the horizon. _
For the points that are visible an angle T is calculated

according to the following formula:

Sin(R)
- Cos(R)] (2)

- -1
T = Tan [S
A polar angle about the subsatellite points is calculated

as follows:

_ -1 Cos (YL) Sin (XL)
U = Tan [cOs(LTSSS Sin(YL) - Sin(LTSS) Cos (YL) cOs(XL)]

(3)

The Calcomp plotter uses Cartesian coordinates so these
polar co-ordinates must be changed to the plotter coordinates,
XP, YP, as follows:

Xp

T+Sin(U)

T.Cos (U) ' (4)

YP

An additional feature of this program is that it will
draw the contours of constant elevation on the plot for any
set of input elevations.

The only inputs necessary for this program other than
the data tape are the subsatellite longitude and latitude,
the magnifying factor and the set of elevations for the con-
stant elevation contours. Figure 6 shows a plot of this type
with 70°, 45° and 5° elevation contours. Figure 7 is a
flowchart of the program.

The program can handle any number of cases in one run.
The only‘limitation is the amount of CPU time specified on
the job card. On the IBM 360/50 system a single case takes
approximately 45 to 55 seconds, depending on subsatellite
location and number of elevation contours to be drawn.

A listing of the program is included in Appendix D.
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VI. FOOTPRINTS OF ATS-F S-BAND ETV OFF-AXIS DUAL FEEDS

NASA's Applications Technology Satellite-F (ATS-F),
scheduled for launch in April, 1974, is going to test the
feasibility of the direct delivery of ETV signals to low
cost terminals in the newly allocated 2500-2690 MHz band
in Alaska, Appalachian region, and the Rocky Mountain States.
The antenna coverage program, described earlier in Section
IV, has been modified to plot the S-Band footprints produced
by the ATS-F spacecraft.

The basic ATS-F spacecraft includes a prime focus feed
complex having crossed-feed elements.(z) " The two ETV beams
are generated by the 30 foot dish onboard the spacecraft from
feeds which tie on the satellite North-South axis. Neither
feed lies on the antenna boresight, the separation between
the boresight and the nearest feed being about 0.7 degree
and the beam separation being 1 degree. Since the beamwidth
is also approximately one degree, the total coverage at any
one time consists of two footprints lying in approximately
a North-South relationship, the exact arrangement depending
upon the subsatellite point and the boresight location.

These factors have been programmed into the antenna
coverage program described in Section IV. The inputs to-
the ATS-F S-Band ETV dual-feed coverage program (ATSFS) are
the subsatellite and boresight locations, beamwidth dimen-
sions and the plotting parameters. The plotting parameters
are FX, FY, DX, DY and FACT, all of which are described above.

The modified coverage program can be used to plot foot-~
prints either over the WORLDMAP or the MINMAP. Figure 8
shows the footprints with a subsatellite location of 94°West
and boresight pointed towards 81°West and 37°North. A
listing of the program is included in Appendix E.
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Appendix A
WORLDMAP Program -1-
WCRLDVMAP

[aNe]

CIMENSICN CCOR0(1C24) 2 IBUFLICNO) 4PLTX(S14),FLTY(S14),NK(23)
Callt FLOTS({BUF,1000)
C ReAL SCALE FACTCR
REAL(S,1CC) FACT
100 FCRMAT(F10.3)
CALL FACTCRI(FACT)
CALL PLCT(C.0+4—29.5,=-2)
FVX=-3.,1415%2¢
FVY=FVX/Z2.0
CAX=2.%2,1415%26/50.
CAY=3.141562&/26.
FXx=—-18C.
FY=-GC.
UX=326C./50.
CY=18CQ./26.
CALL PLCT(Z.09245422)
C LnAw AXES '
CALL AXIS{CoeyCas "LCNGITUNE? ;=6 ,5049 Coy FXyDX)
CALL AXIS(CeCy0eOy "LATITUNE ' 38426495049 FY,DY)
CALL AXIS{Ce0922ey 'LONGITUDE'3G,504,CaqFXyNX)
CALL AXIS(50e9Ce sy "LATITUNE? y=8 42649504 FY40Y)
REAC(8) N
K=1 "~
CREAD CCORDINATE BLGCK
70 REAC(8)CCORD
81 L=1
15 I=1
IF(COORDL(2%L=1) .CE.4.0)L=L+1
37 PLTX(I1)=CCGCRO(23*L)
) PLTY(I)=CCCRD(2%L-1)
C (rneCK FGR END CF STRIANG
IE(FLTX(I)wEQeOoCoANC PLTY(1).EQ.C.0)CC TC 47 .
IF(T.LT.2)GC TC 31
CiHuCK FCR —-18C TC +18C WRAP ARCUNC
TESTI=ASS{PLTX(I)=-PLTX(I=-1))
 IF({TESTLCT.2.)6G0 TC 27
31 L=L+1
1=1+1
6C 1L 27
41 FLTX(I)=FvX
PLTIY(I)=FVY
PLTX(1+1)=CAX
PLTY(I+1)=CryY
ANPT1S=1-1
C OkAw STRING OF FCINTS
CALL LINE(PLTXsPLTYSNPTS,149,C)
SU L=L+1
IF{LLLELNI{K)IIGG TC 15
K=K+l
IF{KJ.NEL12) GG TC S
CALL FLCT(CeyCeys—2)
o IF{X.5T.23)GC TQ 90
GC TU 1¢C
21 FLYX(I)=FVX
PLTY([)=FVY
PLTX(I41)=CAX
PLTY(I1+1)=DAY

b

(@]



Appendix A ‘
WORLDMAP Program -2-

NPT1S=1-1

DxaAw STRING CF FCINTS
CALL LINE(PLTXsPLTYAPTS,1+G4C)
oG 10 158 .

CkAw GKRIC LINES
OC 45 J=1,25
X=FL0AaT{2%J-1)
NREN=J=-(J/2)%2 :
IF(NREV.EQ.C) GU TO 46
CALL FPLCT{(X40442)
CALL FLCT(X926e92)
GC 16 45

G0 CALL PLOT(X42¢ 4432)
CALL PFLCT(X40ev2)

45 CONTINUE
DC 46 J=1,114
Y=FLLAT(2%J-1)
NREN=J=-(J/2)%2
JFINRE¥ E0.0) GU TO 43
CALL FLCT(0.sY+3)
CALL FLCT(5CerYy2) .
GC TO 46

48 CALL PLCT(S50.,Y+3)
CALL FLCT(O0.yY,y2)

4) CCNTINLE
CALL FLCT(C.9Ce9S5539)
STCF
£No



C
C
C Rt
W)
C Rt
LCu
£CV
C Or
15
li
C Cr
C (H
12
C I«

Appendix B:
MINMAP Program

MINNMAP

DIMENSICN IBUF(L10CC),CCORDIL1N24),N(22)4XF(514),YP[E14)
call PLCIS{IBUF,1D00C)
CALL FLCT(0.4-29.5,-2)

AL SCALE FACTCR
ReEAT (H4y99) FACT
FCRMAT(F10.3)

CALL FACTCRI(FACT)
CALL PLCT(l.ye5,23)
CONVTR=3,1415626535/189,

AD BCUNCARIES CF MAF
READ(S,1CC) XLL,yXUL,YLL,YUL
FCRVATI{4F10.3)

FVYX=XLL

Fvy=YLL

CA=(YLL-YLL)/10.

WRITE(A920C) FVX,FVYLLA,FACT :

FCRNMNAT{LIXy "FUX="' gF1Ca494X s "FYUYSV 4 F1C.4+4X,'LA=14F10 .4,

* /OX,'FLCT:',F].OolO)

XaxL={xuL-xLL}/sCep
YAXL=10.

An AXES _
CALL AXTIS(Cua1Cay '"LONGTITUNE ' y—=G4XAXL CesFVXyLA)
CALL AXIS(CarCaa 'LATITULE *538,YAXL,49CasFVY,0A)
CALL AXIS(CeygYEXLy'"LONCTITUDE 39 ¢XAXL yCuayFVX4TA)
CaLlL AxI'S{XxaXlL, U.y'L&TiTUDl' y—83YAXLSCayFVY,LC4)
XLL=XLL*CCNAVTR
CA=CA*CCAVIR
XLL=XLL*CCAVTR
YLL=YLL*COANVTPR
YLL=YUL*CCAVIR
READ(B) N
DC 1C K=1423
RKEAD(8) CCCRD
NL=1
NP=1
IF{COCRL(2*NL-1) LTG0 C TC 11
NL=AL+1
XF(AP)-CCCRD(?*RL)

YF{NP)=CCCRL(2%NL-1)

tCK FCR END CF STRING
IFIXPINP) eECeO e ANDL.YFINF)LEC.DIGC TC 12

cCK FGR PCINT IN BCUNCS
FIFIOXPINP) LT XLLIGC TO 13
IF(XP(NP).CTLXLLIGC TO 13
IF(YP{NP) . LTYLL)GC TOO 12
FF{YPINP)CTLYLLIGC TO 13
NL=NL+1
NF=NP+1
IFINLLLELNIK)IGC TC 11
6C TC 1C
XFINP)=XLL
YP{NP)=YLL
XF{NP+1)=DA
"YE{NP+Ll)=LA
NFTS=NP-1

aAw STRING CF FCINTS
{FINPTSLT.2)ICC TO 14

-1-



14

13

CALL LINE(XP,YPvY\PTSy]JCvO

NL=NL+1]

IFIAL.GTLAN(KIIGO TC 10

GC 10 15
XE{NP)=XLL
YFINP)=YLL
XF{NP+1)=DA
YF(NP+1)=DA
NETS=NP-1

Jiak STRING CF FCINTS

17

LF(NPTS.LT.2)CGC TO 17
CALL LINE(XP,YP,NPTS414+0,0)

NL=ANL+1
X=CCCRLC(2%NL)
Y=CCCRND{2%*NL=1)

CacLK FCR END CF STRINC

lo
1V

IF{X.ESeCeaANC.YLEC.CLIGLC TO 14
CAECK FCR PCINT

[F{x.LTXLL)GC
[F{Xx.GT.XxUL)IGC
[F{Y.LT.YLL)GC
IF(Y.GT.YUL)CGC
NP=1

6C T30 11

IFINLLLTSN(K)ICO TC 17

CONTINUE

UKAWw GRID LINES

2V

39

CC 20 I=1,yS
Y=FLCAT(T)

IN BCUNCS

TC 16
TG 16
TC 16
TC 16

CALL FLCT(C.9rY23)
CALL FLCT(XAXL4Y,2)

NX=INT{XAXL)

[F{FLOAT(NX) sEQ«XAXL INX=AX=-1

DC 20 J=lyhx
X=FLCAT(J)

CALL PLCT(X0.43)
CALL PLCT(X410442)
CALL FLCT(0.5044595)

ST10F
END

)

Appendix B
MINMAP Program

-2-
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Appendix C

CANTCVLY ANTQVLY Program -1-

IMPLICIT REALE(A-2)
REAL*3 CSiNyDCCSyDSGRT,LCARSIN,DARCCS,CATAN
INTEGER#%4 NSTEPS,ICT o IsNyNPLT,IBUR{4CCO)NP1,NP2,NCR,LOR
REAL*4 XP{514),YP(514)
INTCGER%*4 JyJlal oKy NFL
INTEGER#4 FMT(4)/' (1, YYyUFTL3, 000/ '
INTEGLR®4 CIGIT(L10) /P11 ,020 120,041 ,1C508,061,171,18',19°%, 10t/
KEAL®G LON(T22) s LATUT22 ) aN1 g XOT oYCT o FX 4 FY DXy 0¥ 9 XSES,YSS
INFTEGER IMyIPsNP
INTEGER%4 1SYM(5)
CATY ISYN/3444114+9410/
OINENSICN CE(10),DRS(8),RBWS(E)
DATA C3S/el9se290%91lerle593015.21C./
CATS RAWS/418pe2€9ed9e56yeT9lerle2T9le/
CATA P1/3,141592€525€6S7S2C0/,RE/2.G€03/,L1ST/2.€26D4/
N=C ‘
RELAD{S549205) FXaFYEXyZY3OX,40Y

202 FCRNMAT(EF1C.3)
CALL PLCTS(IBUF,400C)
ReAC(2,201) FACT

201 FCRMAT(F10.2)
CALL FACTGR(FACT)
CONVTR=PI/180.
BM=CARSIN(RE/CIST)
ChHK=81.3*CCAVITR

¢ RoAC(549CC,END=1C00) NFLT

9CJy FCORMATI(IN)

DC 22 NPL=1,APLT
L READ(S545CCEND=550)1CLENSS, DLCh(T DLATCT,CINCR,DCELT

3Gy FCRMAT(S5F9.3) '
REAC({S5,5CL)THETALl,BW1A, Ph?AvL

501 FCRNAT(3F9.2,12)
EVMT(2)=CICIT(L)
READISHWFMNTI(CB(L),1=1,L)

NEB=C
N=N+1
WRITE{646CCIN, PL(NSS,DLCNCT CLATCT,CCELT,RW22 ,AWY1A, THETEL
uOu FCRYAT(//°1DATA SET- NO. ', 1274X,'SUR SAT LONG =',FG.3/
L 44Xy '30R SCHT LCNG =',F9.3/4X,'RCR SCGFT LAT ='yFG9.3/
& AXy 'TECLINATICAN =V ,FG,3/4Xy"WIN BMWETHT,,5X,'=',FG.3/
3 AXy'NAX BNWDTH' 95Xy '=',F9.3/4X,'CRIENTATICN =1,4,FG,.2)

CLANVERT FROM DECREES TC RADIANS
INCR=DINCR*CCNVIR
LCNCTR=(CLCANCT-DLCNSS)*CONVTR
LATCTR=CLATCT*CCANVTR
CELT=CCELT*CCAVTHR
Bwl=BWlA*CCANVIR/Z2.0
BW2=8W2A*CCAVTR/Z.0
THETA=THETAL*CCNVTR
CHECK FCR RORESIGHFT LCCATICA IN FANCE CF SATELLITE
AL=CARCCS(DCCS{LONCTR)I*CCCS(LATCTR4DELT ) ‘
IFIALLLEL.CFKIGC TC 21
ZJ WRITE(E,4CC)
4G) FCAMLT(LHO 'BCGRESICHT LCCATICN IS NCT IN RANGE CF SATFLLITF.'/)
GC 10 1
CUMPLTE VECTCR FRCM SATELLITE TC BORESIGHT LCCATICN
el RSX=REACCCSCLATCTRI*CSIN(LCONCTR) :
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Appendix- C

ANTOVLY Program

R5Y=UIST*ECGS(GELT)‘PE*CCCS(LATCTR)*CCCS(LUNCTR)
RSZ=DISTHDSIN(CELT)I+RE#DSIN(LATCTR)
RSN=USCR1(RSX**Z*RSY**Z*RSZ**Z)
GAM=DARSIN(REXDSIN(AL)/RSM)
EL=((PI/2.0)—(AL#GAN))/CCNVTR
WRITE{&,300) EL
)OJ.FCRNAT(4X,'ELEVATICN',6Xy'='9F9.3)

CENCM=DSCRT({RSX* %2 +RSY*%7) '
PITCH=CARSIN(RSX/DENCM)
HCLL=DATAN(RSZ/DENCM)
LP=0LOS{PITCH)
CR=CCCS(RCLL)
SP=0SIN(PITCH)
SR=CSIN(RCLL)

12 DC 22 K=1,1L
NCB=NLCEB+1
LC3=L-K+1

INTERFCLATE FCR RELATIVE REAMWICTH
DC 8 J=1+8
[F(CB(LCB)-CBS(J))IET,8

{ FEW=RBWS{J)
6C 1G ¢

3 CUNTLINUE

v J1=Jd-1

RBW=(DE(LCB)—DBS(J1))*(RBHS(J)-PB%S(J]))/(DBS(J)—EES(JI))

1 _ +RAWS(J1)
3 A=RSMADTAN(BW1#REW)
B=RSM*CTAN(EW2*REBK)
ALPHLI=3W1w%*RAYW
ALFH2=PAW2A%2ER
NSTEPS=(36C.J/CINCR)+1
BMWCTH=CALPHA#*RBW
OC 1C ICT=1,NSTEPS
BETAN=(ICT-1)*INCR
ANG =8 TAN+THETA ,
UM=1.0/CSQRT{(CCCSIBETAN)/A)##2+(CSIN(RETAN)/B)**Z)

CUMPLTE N-Tk M VECTCR FRCM SATELLITE TO LCCLS CN EARTF
MAPX=RSMACR®*SP+UMKCCCS (ANG)*CP-UMXDSIN(ANG) *SR*SP
MAPY=RSMACR#*CP+UMECCCS{ANG) #SP-UNKLSIN{ANG) #SR*(P
MAPZ=RSNMRSR+UN*DSIN(ANG)*CR
MAX=MNFX :
MNY=MAPYXCCCS(CELT)4MNPZHCSIN(CELT)
MNZ=MNFY#*{-CSIN(CELYT))+MNPZ*LCCS(DELT)

BN=CARCOS (MNY/CSCRT (MNX#*324MAY#%E24NNZ*%Z))
IFIEN.ST.BM)GC TC 3C
CN=PI-CARSIN(DSIN(BA)*DIST/RE)

UN=P 1= (BN+CN)

MNL=DSCRT(RE*#24LIST#%2—2 (%RF:DISTHLCCSIIND )
CENCM=DSGRT(MNFX*%Z+VNEY*%2 ) :
FITCHN=DARSIN(MNFX/CENCM)
RCLLN=CATAN(MNFZ/DENCM)

CUMFLIE N-TH VECTOR FRCM CENTLR CF EARTH TC LOCUS
RET=MNL#*CCCSCRCLLAI*DSIN(PITCEN)
REJ=DIST#*CCCSICELTI-MNL*CCCSIRCLINI*DCCSHIPITCHN)
ReK=MNLACSIN(RCLLN)=DISTRDOSIN(OLLT)
6GC Tu 40

[F N-TH M VECTCR DCES NGT INTERSECT FARTH CONPLYE VFCTOR

FxCM CoNTER CF EARTR TN FORIZCON SEEN RY SATELLITF

2) TAUN=UARCCS(MNZ/CSGRY (MNX*XZ4MN7#%2))
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Appendix C
ANTOVLY Program =3-

IF(MNXLT.00) TAUN==TAUN

REI=RE*DCCS(BM)*DSIN{TAUN) :
FEJ=Rt*(-CCCS(CLLT)*CSIA(EM)—FSIN(DELT)*ECOS(P”)*ECCS(TPUN))
REK=hE*(fDS[N(CELT)*DSIN(BM)+ECCS(DELT)*ECOS(BN)*CCCS(TAUN))
CEN=USCRT(REI#*24REJ**2)

G CudPLTE LCNGITLLE aND LATITUNE CCCROINATES

lv

1CJ

LAT(ICT)=SACLIDATAN(REK/DEN)}/CCAVIR)

LCNCICT)=SNCGL(CARSINIRET/CEN)/CCNVTR4CLONSS)

WRITEL(ELLCCILA(LEBY P LPREL,ALFHZ

FCRVMAT(LH= 92X 'AT "yF4.1," TR LEVEL:'/4X,'MAX RMWCTH= ',FE.2/
4Xy " MIN BMWDTEH= ',F5.2//
SX,'LCAGITUDE'o7X,'LATTTUEL'/5X,'(CECREES)';&X,'(CEGRFES)'
/)

DC 80 I=1,NETEFS

WRITE(6,20C) LON(I),LAT(I)

FCRMAT{1H 44X 4F9.3,6X,F3.3)

IF(LIN(T) oLTo—18Ce) LCN(T)=360.+L.CNIIT)

IF(LCN{T)LT.FX) LCNCIY=FX

iF(LOCN(I)LCTaEX) LCN(T)=EX

JF(LAT(I) LTWFY) LATI(I)=FY

IF(LAT(I).CTLEY)ILAT{I)=EY

CONTLNUE

CONVIR=SNGL(CCAVTR)

XCT=(SANGL(CLCNCT)-FX)/CX

YCT=(SNGL{CLATCT)-FY)/CY

CALL SYNMHCLU(XCT,YCT,0.14,ISYMIN)yCuy—1)

C PLCT CUCRGCINATES CF LCCLS

4f

19

iv=1

[P=1
IF(ABS(LCNLUIM#L)=-LCN(IM)).GT.10QC)CC TC 70
xP{iP)=LCN(IM) '
YP{IP)=LATLINM)

Iv=1IM+] '

iP=1pP+1
IF(IMJLELNSTIEFSIGE TC 417
XP(IP)=FX

XP{IP+1)=0X

YP(IP)=FY

YP{IP+1)=DY

NP=[P-1

CALL LINE(XF4YFyNP,41,0,0)
GG TG 22
LF{IM.EweNSTEPS)ICC TC 37
GC 1C 31

XP{IP)=LON(IN)
YPLIP)=LAT(IM)
XF{1P+1)=FX

XF{IP+2)=CX

YP{IP+]l)=FY

YP(1P+2)=CY

CALL LINE(XPyYP,IP4+1,0,C)
IN=INM+]

GC 10 5¢C

CONTINLE
XSS={SNGL{CLUNSS)-FX)/CX
YSS={SNCL(-CDELT)-FY)/CY
CALL SYNMBCLIXSS,YSS 0,21 ,ISYNM(N)4Cuy—1)
CALL PLCT(55.9y—1e922)

GG 19 2



Appendix C
ANTOVLY Program -4-

C cLUSE PLCTTAFE
LLCJ CALL PLCT(C.+CasS99)
WRITS(6,€010
5CL FCRMAT('CPLCTTAPE CLCSED')
S1CGF
END
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Appendix D
PERSPECT Program -1-

FERSPLCT

DIMENSICN IRUF(LCOO)»CCORDI(1024) N(Z2)4XF(514),YP(514)
DINMINSICN EL(10)
REAL*%4 LNSS,LTSS
REAL*4 LNSSF
CATA PI1,S/3.141562646.6166/
CALL FLCTS(IBUF,100C)
CALL FLCT(C.y=29.5,-2)
REAC(S,400) FACT
4CJd FCRVAT(F10.3)
CALL FACTOR(FACT)
CrLL FLCT(17.4154922)
CONVTR=PI/130.
TMAX=ARSIN(L./S)
Fv=C.C
CA=CCAVTR
RMAX=GC,ACCAVTIR-TMAX
REAC SUBSATELLITE CCCRNINATES
3 READ(S541CO+END=1CIDILANSS,LTSS
100 FCRMATI(2FL10.2)
LNSSR=LNSS*CONVTR
CELTR=LTSS*CCAVTR
SIND=SIN[DELTR)
CCSC=CCS{UELTR)
REAC(B)IN -
K=1
80 REAC(E)CCORD
L=1
10 1=1
(F(COCRND(2HL—1) sCEL4.)L=L+]
YL=CLCRD(2%L-1)
XL=CCCRD{2*L)-LNSSR
SINLT=SIN(YL)
CCSLT=CCS{YL)
SINLN=SIN({XL)
CCSLN=CCS(XL)
CCSA=SIND*SINLT+CCSC*CCSLT*CCSLN
R=ARCCS{COSK)
DIF=RNMAX-R
IS FIRSY PCINT IN STRING WITHFIN 30 CECREFS GF HCPIZCN’
IF(ABS(CIF)LT..5235688)GC TC 20
FIRST PCINT >30 C&CREES FRCM FCRIZCNeo.
eee IS IT VISIBLE?
IF(CIF.ET.C.IGC TC 70
4qu L=L+1
IF{CUCRE{2%L~1) eEC.C e« ANDLCCCRE(2%L) .FC.C.)ICO T €0
GC T1C 40 '
FIRST FCINT <3C CECREES FRCM FCRTIZCN...
eeos CHECK EACH FCINT FCR VISIRILITY,
2J IF(CIF.CT.C.)GUL TO 70
NCT VISIBLEe.soCHECK NEXT PCINT
L=L+1
IF(CCORD(2#L-1).EQe0¢eANDCTORCI2%L)YLEC.C.IGO0 TC €9
YL=COCRD(2#%L-1)
XL=CCCRC{2%L)-LNSSR
SINLT=SIN(YL)
CCSLY=CCS(YL)
SINUN=SIN(XL)

D)
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20V

30v

Appendix D

PERSPECT Program

CCSLAN=CCS(XL)
CCSR=SIND*SINLT+CCSEXCCSLTXCCSLN
R=ARCCS{COSR)

CIfF=RkMAEX-=R

GC 1C 20

VISIBLCees CHECK ANiXT FCINT
T=ATAN(SINIR)/(S-CCSR))
U=ATAN2{COSLT*SINLN,CCSD*STINLT~ SIhD*CC<lT*CCSLN)
XP(I)=TxSIN(LU)

YFE(L)=T%CCS{U)

I=1¢1

L=0L+1

IF(CCCRDIZ*L=1)eEQeCo s ANCLCCCRE(2AL)LEC.CLICT TC.

YL=CCCRoD(2%L—-1)

»L=CCCRO(2#*L)—LNSSR

SINLT=SIN{YL)

CCSLT=CCSLYL)

SINLN=SIN(XL)

CCSLN=CCS(XL)

CC<R SIND*SIRLT+C09C*CFSLT*CCSLN
=ARCCS(COSR)

CIF RFMAX-R

IF(CIF. GT.u.)CC 1C 7C

L=L-1

XP{I)=FV

XP(I+1)=DA

YF([)=FV

YP(I+1)=CA

NPTS=1-1

PLCT STRING

CALL LINE(XPyYP4NPTS,414CHyC)

L=L+1

iF{LLLELNIK)ICC TO 10

K=K+1

IF{K.LEL23)GO TU 8C

LURAW HCRIZCN

DC SO J=1.+73

BETA=S,%(J-1)*CCNVTE

XP(J)=TMAX®CCS(BFTA)

YP(J)=TNAXXSIN(BETA)

XPlLJ+1)=FV

XP(J+2)=Da

YP{.¢t1)=FV

YP{J+2)=DA

CALL LINE(XP4YP47351,0,0)

CALL SYMBCL(Ue90e9e28939Car—1)

DRAw CCNSTANT ELEVATICN CCONTCURS

ReAD(54200) ATS

FCRMAT(I1)

IF(NTS.EG.O)GC TC <€A

READ(S5,300) (L) I=1,NTS)

FCRVMAT(GF5,.3) :

DC S€ K=1,4NTS

ANGZ={G0.+EL(K))*COCNVTR

ANG1l=AR SIA(SIN(ANG?)/S)

OC G5 Jd=1,73

BETA=S,*(J-1)%CCAVTR

XP{J)=ANGL*CCS{BETA)

YF(J)=ARGL*SIN(BETA)

50



Su

legu

XP(J+1l)=FV

XP{J+2)=0xn

YP{J+1}=FV

YP(J+2)=CA

CALL LINECXPoYFy73,41,C,0)
YN=ANCG1/DA+.05 :

CALL f\UNBER(O-1Yf\,-211EL(K)90-y“l)
CONTINLE

CALL SYMBUL(=14334—10.9+21'LCNGITUNE
CALL NUMBRER (GGG, 959G 4213LASS4Cay?)
CALL SYMBCL(=1.33y-10.354.21,"'LATITUDRE
CALL NUMBtR(55G4¢99GC ey el214LTSS,0442)
CALL PLCT(3VesCoys—2)

REWIND B

GC 10 ¢

CALL PLCT(20e9~15%.4+699)

S10F

- END

='90.911)

':'100111)



Appendix E
ATS-F Dual-Feed Program ~-1-
ATS—-FS

Knkal

IMPLICIT REAL®8(A-Z)
REAL?8 DSIN,DCOS,DSERT,CARSIN,DARCOS,CATAN
INTEGER? 4 NSTEPSgICFcIvhoNPLT'IEUF(IOOO)pNPIQNPZ’NDBQLDB
REALZ4 FX,FYsDX,DY
INTEGER#4 Jpdlel oK
INTEGER?S FMT{4)/°0%,"* 14 'FT7.3%')"/
INTEGER®4 DIGIV&EOB/'I’-'Z','3':'4','5'»'6'1'7'1'8"'9'7'10'/
REAL%4 LONET22) o LATET722)+N14XCT,YCT
INTEGER [IJ
REAL®8 RCLL1,ANGDIF12)
DIMENSION DB{10) ,DBS{8)oRBNHS(8)
CATA CBS/o0leol0e50lesleS593e95.91Ca/
DAY A RBWS/oﬁ890269o49¢56i.791.91.27,1-7/
DATA PE/B.EQR59265358979300/vRE/3.96C3/'DIST/2.626D4/
READ{5,99) FACT '
63 FCRMAT(FL0.3)
N=0
NPLT=0
CCNVTR=PI/180.
ANGDIF{1)=o5¢CCNVTR
ANGCIF(2)=—.5%CCNVTR
BM=DARSIN(RE/DIST)
ChK=81,3*CCNVIR
1 RE&D(515009END=1000)DLCNSS;DLCNCTvCLATCTpDINCR'DDELT
500 FCRMAT{(5F9.3)
READ(S+501) BWLA,BW2A
501 FCRMATI2F9.3)
N=N9o 1
MRITE(69600)NgDLCNSS.DLGNCT,CLATCT,UDELT,EﬂZA,BﬂIA,THETAl
600 FORMAT(//9°1DATA SET NO. '912/4X,'SUB SAT LONG =1,F9,3/
1 4Xs°BOR SGHT LCNG ='9F9.3/4X,"BCR SCKY LAT =',F9,3/
2 4%,°DECLINATION =1 9F9.3/4Xy "MIN BMWUCTH'ySX,*=",F3.3/
3 43y °MAX BMUDTH y5X 90 ='9F9.3/4X, 'CRIENTATICN =1 ,fFG9,3)
C CCNVERT FROM DEGCREES TC RADIANS '
4 ENCR=CEINCRACCRAVYTR
LCNCTR=(DLCNCT—~DLONSS)*CCNVTR
LATCTR=CLATCT=CCNVTR
DELT=COELT*CCNVTR
Bwl=BWIA*CLCNVTR/2.0
En2=BW2AXCCAVTR/2.0
C CHECK FOR BCRESIGHT LOCATICN IN RANGE CF SATELLITE
AL=UARCGSIBCCS(LGNCTR)*CCUS(LATCTR{DELT))
IF(AL.LE.CHK)IGO TO 21 :
20 HWRITE(6,4003
400 FCRMAT{1HO,°BORESIGHT LOCATION IS NOT IN RANGE OF SATELLITE.'/)
GO IC 1 '
C COMPLTE VECTOR FRCM SATELLITE TO BCRESIGHT LCCATION
21 RSX=RE*DCOS(LAICTRI*DSEINILONCTR)
REY=DISTADCOS(DELT)-RE*CCOS(LATCTR)I*CCCS(LONCTR)
RSZ=DIST*DSIN{DELY }+RE*DSIN(LATCTR)
REM=DSQRTIRSX%%2¢RSYES24+RSZ*%2)
G2M=CARSIN(RE®DSIN{(AL)/RSM)
EL=({PI/2,0)-{AL®GAM) )}/CONVTR
... HRIIE(6,300) EL _.
300 FCRMATELHX,"ELEVATION? y6X¢'=14FG.3)
DENCHM=DSQRT {RSX%*%2+RSY%*%2)
PITCH=CARSIN{RSX/OEACM)



ndix E
F Dual-Feed Program -2-
RCLLL=DATAN(RSZ/CENCM)
—_— - DC 31 lJ=1,2
RCLL=RCLLI*ANGCIFL(IJ)
CP=CCCS{PITCH)
CR=CCCGS{RCOLL)
SP=CSIN{PITCH)
SR=CSIN{ROLL)
NPLI=NPLT+1
IF{NPLT.GT.1)GO TO 15

C FIRST PLCT, OPEN PLOTTAPE ANC SET CRIGIN
CALL FACTOR(FACT)

CALL PLOTS{IBUF,1000)
15 CONTINUE

A=RSMADTANIBWL)

B=REM*CTAN(BW2)

ALPH1=BW1A

ALPE2=BW2A

UM=A

IF(1J.EQ.2)UNM=B _

NETEPS={360.0/DINCR)+1

DC 10 ICT=1,NSTEPS

BETAN=(ICT-1)*INCR

ANG=BETAN :

C COMPLTE N-TH M VECTOR FRCM SATELLITE 1O LCCUS CN EARTH
MNP X=RSMECRESP+UMEDCOS (ANG) XCP-UMRDSIN{ANG) *SRX%SP
MAPY=RSM*CRICP+UMEDCOS{ANG)I*SP~-UNMBOSINIANG)I RXSR.CP
MNP Z=RSM*SR+UM2DSIN{ANG)*CR
MAX=MNPX
MNY=MNPY*DCCS{CELT) +MNPZ*DSIN(CELT)
MANZ=MNPY%®{-DSIN(DELY))+MNP22CCCOS(CELT)
BN=CARCCS{MNY/DSQRT {MNX$22+MNY#%2 $MNZ#%2))
IF{BN.GT.BM)GO TO 30
CN=FI-DARSIN(CSIN(BN)*DIST/RE)

DN=PI-(BN+CN)

MAL = DSCRT(RE**2+DIST**2~2.*RE*DIST*DCUS(EN))
DENCM=DSQRT{MNPX*%2+MNPY*%2 )

PITCHN=DARSIN (MNPX/DENCM)
RCLLN=DATAN{MNPZ/DENCHM) ‘

C COMPLTE N—-TH VECTOR FRCM CENTER QF EARTH TC LOCUS
REI=MNL*CCCS{RCLLNI*DSIN(PITCHEN)
REJ=DIST*DCOSIDELT )-MNL*DCOS{RCLLN)*CCOS(PITCHN)
REK=MNL*DSIN(RCLULN)-DIST*DSIN(DELT)

GC YC 40
e L IF N—TH ¥ VECTCR DOES NOT INTERSECY EARTH CCFPUTE VECTOR
C FRCM CENTER OF EARTH TQ HORIZCN SEEN BY SATELLITE
20 TAUN=CARCOS(MNZ/CSQRT(MNX%*%2+MNZ*%2))
IF{MNX.LT.0.0) TAUN=—TAUN
REI=RE*DCOS(BM)*DSIN(TAUN)
REJ=RE*(—DCOS(DELT)*DSIN(BM)-DSIN(DELT)*CCOS(BM)*CCCS(TAUN)’
I REK=RE*{~-DSIN(DELT)*DSIN(BM)+CCOS(DELT)*CCOS(BM)*CCOS(TAUN))
40 DEN=DSCRT(REI**24+REJ%**2)
C CCMPLYE LCNGITUDE AND LATITUDE COORCINATES
CLAT(ICT)=SNGL{DATAN(REK/DEN)/CCNVTR)
10 LCN({ICT)= SNGL(CARSIN(REIIOEN)/CCNVTR+DL(ASS)
CO €80 I=1,NSTEPS
80 WRITE(€,200) LOCN(I),LAT(I)
200 FORMATEIH 24X9FG43:6X,F9,3)
FX=-151. :
FY=C.



dix E

Appen
ATS-F Dual-Feed Program -3-

Cx=4,
:széo
NP1=NSTEPS+1
AP2=NSTEPS+2
LCN({NPL)=FX
LCNINP2)=DX
LAT(NP1)=FY
LAT(NP2)}=DY
C PLOT CCORCINATES CF LOCUS
CALL LINE(LCNSLAT,NSTEPSs1,0,0)
21 CCNTINUE :
GC TC'1 A
10C0 IFINPLT.LE.C) GO TQ 1001
C CLOSE FLOTTAPE
CALL PLCT(0.040.Cy999)
1001 WRITE(6,700) APLTY
7C0 FORMAT(*INUNBER GOF PLCTS FRODUCEL ='412)
S10°F
EMND



APPENDTX

ANTOVLY

l. FX, FY, FY, DY

2. Magnification Factor’
3. Number of beams

4, SS long, BS long, BS lat,
Circumference increment,

Declination

5. Orientation, BW1l, BWZ2,

# of DB levels
6. DB levels

repeat 4,5 & 6 for each beam

MINMAP
1. Magnification Factor
2. XLL, XUL, YLL, DUL

" WORLDMAP
1. Magnification Factor

PERSPECT
1. Magnification Factor
2. SS long, SS lat

3. # of constant elevation
contours

4., Const. elev. contours

repeat 2,3 & 4 for each case

ATSFS
1. Magnification Factor

2. SS long, BS long, BS lat,

Circumference increment,
Declination

3. BWl, BW2

F- INPUT FORMATS

4F10.3
F10.3
Il

5F9.3

3F9.3,

nF7.3

~ F10.3
4F10.3

F10.3

F10.3
Fl0.3

I1
nF5.3

F10.3

5F9.3

2F9.3

I2





